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ore than 20 million operations are performed annually at hospitals throughout the United States, 1 and although advances in operative and anesthetic techniques have reduced the risks associated with many procedures, some 1 in 10 patients can be expected to have a complication within 30 days after undergoing major surgery. 2 Although they occur infrequently, postoperative cardiovascular complications are associated with a substantial risk of other complications and death, 3, 4 and preventing such complications is often the rationale for preoperative medical consultation.
Although the problem of postoperative myocardial infarction has been recognized for over 50 years, 5 few prevention measures have proven effective. Conventional strategies have relied on prediction instruments to identify patients at heightened cardiac risk, [6] [7] [8] [9] noninvasive testing, cardiac catheterization followed by revascularization in selected patients, and careful perioperative monitoring. In the past decade, two influential randomized trials found that treatment with beta-blockers can decrease the incidence of myocardial infarction and death after noncardiac surgery. 10, 11 Because they appear efficacious, are inexpensive, and have few risks, beta-blockers are now widely advocated. [12] [13] [14] [15] [16] In Making Health Care Safer , the Agency for Healthcare Research and Quality identified the perioperative use of beta-blockers among intermediate-and high-risk patients as one of the nation's "clear opportunities for safety improvement." 17 The National Quality Forum subsequently placed the use of beta-blockers among high-risk surgical patients on its list of 30 Safe Practices for Better Healthcare . 18 Yet, two recent randomized trials [19] [20] [21] reported no benefit from perioperative beta-blocker therapy and raised questions about the generalizability of earlier studies. While awaiting the results of large randomized trials, 22 we evaluated the use and effectiveness of perioperative beta-blocker therapy in routine clinical practice.
setting and subjects
We conducted a retrospective cohort study using data from 329 hospitals that participate in Premier's Perspective, a database developed for measuring quality and use of health care. Participating hospitals represent all regions of the United States, are predominantly small-to-mid-size nonteaching facilities, and serve a largely urban patient population. In addition to the information available in the standard hospital-discharge file, the Perspective database contains a date-stamped log of all billed items, including medications and laboratory, diagnostic, and therapeutic services, for each patient.
Patients were included in our database if they were 18 years of age or older and had undergone major noncardiac surgery between January 1, 2000, and December 31, 2001. Surgical procedures were categorized with the use of APR-DRG software (version 15.0, 3M) and, on the basis of prior studies, were considered major if the median length of stay for patients in a given diagnosis-related group exceeded two days. 9 Patients undergoing obstetrical procedures were excluded. Permission to conduct the study was granted by the institutional review board at Baystate Medical Center, where the study was conducted, and the need for written informed consent was waived.
data elements
For each patient, we noted the type of surgery, whether the admission was elective or emergency, and the hospital at which the operation took place. In addition to age, sex, and race or ethnic group, we recorded the presence or absence of known ischemic heart disease, congestive heart failure, cerebrovascular disease, hypertension, renal insufficiency, diabetes, and hyperlipidemia. The presence or absence of coexisting conditions was assessed with the use of the secondary diagnoses of the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). Furthermore, we considered a patient to have diabetes if there was a secondary diagnosis of diabetes mellitus or if the patient received treatment with an oral hypoglycemic agent during the hospitalization. In a secondary analysis, we expanded our definition of diabetes to include patients who were treated with insulin whether or not they received oral hypoglycemic agents or had a documented diagnosis of diabetes.
Perioperative administration of angiotensinconverting-enzyme inhibitors, angiotensin-receptor blockers, calcium-channel blockers, antiplatelet agents, lipid-lowering medications, loop diuretics, thiazide diuretics, antiarrhythmic agents, and dopamine or dobutamine was assessed with the use of pharmacy records. Information on prophylactic antibiotic administration and the use of pharmacologic and mechanical measures for the prevention of venous thromboembolism was gathered simi- larly. Data on in-hospital mortality, length of stay, and costs were obtained from the Perspective discharge file. In addition to information related to the admission, we noted each hospital's size, teaching status, and geographic location and whether it was urban or rural. Adapting a classification scheme developed by Lee and colleagues, we calculated a Revised Cardiac Risk Index (RCRI) score for each patient, assigning one point for each of the following risk factors: high-risk surgery, ischemic heart disease, cerebrovascular disease, renal insufficiency, and diabetes mellitus. 9 The category of high-risk surgery included all intrathoracic, intraperitoneal, and suprainguinal vascular procedures. Patients were excluded if they had received a secondary diagnosis that could be considered a contraindication to betablocker therapy; these included bradycardia, heart block, heart failure, hypotension, chronic obstructive pulmonary disease, and asthma.
use of beta-blockers
We identified whether a beta-blocker had been administered either orally or intravenously at any time during the hospitalization, and if so, the date the medication was first administered. Because we lacked information about the date of the principal procedure as well as the goals of the ordering physicians, we considered a patient to have received beta-blocker therapy for prophylaxis, whether intentionally or not, if the first record of treatment occurred on the first or second hospital day. Patients who had treatment initiated on the third hospital day or later were grouped with those who did not receive a beta-blocker during the hospitalization, since this former group may have had therapy pre-* CI denotes confidence interval, RCRI Revised Cardiac Risk Index, DVT deep venous thrombosis, and ACE angiotensin-converting enzyme.
† Patients who received beta-blockers after the second hospital day were included in the group that did not receive beta-blockers. ‡ This group served as the reference group. § Information about sex was missing for 16 patients. ¶ Race or ethnic group was self-assigned. ¿ Diabetes was defined on the basis of the secondary diagnoses of the ICD-9-CM code or the in-hospital use of an oral hypoglycemic agent. ** The expanded definition of diabetes was based on the secondary diagnoses of the ICD-9-CM code or the in-hospital use of an oral hypoglycemic agent or insulin. † † The primary definition of diabetes was used. ‡ ‡ The expanded definition of diabetes was used. scribed for the treatment of complications rather than for their prevention.
statistical analysis
Summary statistics were constructed with the use of frequencies and proportions for categorical data and means, medians, and interquartile ranges for continuous variables. We compared the characteristics of patients who received perioperative betablocker therapy during the first two hospital days with those who did not receive beta-blockers during the first two days. Chi-square and z tests were used to assess the relationship between treatment with beta-blockers and the risk of death in the hospital and any potential confounders. We created a nonparsimonious logistic-regression model to derive a propensity score for early treatment with beta-blockers that included all patient and hospital characteristics as well as selected interaction terms. Each patient was assigned a propensity score that reflected the probability that they would receive early treatment. Using a Greedy 5-to-1 digit-matching algorithm, 23 we matched each patient who received perioperative beta-blocker therapy with up to two patients who did not receive this therapy, starting with all five-digit propensity-score matches before moving to those with four or fewer matches, in an iterative process. These matching techniques were used to reduce bias introduced by incomplete or inexact matching.
The matched cohort was evaluated for differences between treatment groups in each of the potential confounding factors, and conditional logistic regression was used to assess the effect of beta-blockers on the risk of death in the hospital, after adjustment for any residual differences (given a P value of less than 0.01). Using both the matched and entire study cohorts, we examined the association between beta-blocker therapy and the risk of death in the hospital among patients on the basis of the RCRI score. In addition, in the entire study cohort we evaluated models for selected subpopulations, including patients with hypertension and an RCRI score of 0 and patients with an RCRI score of anced covariates were also evaluated for each model and retained if the resulting P value was less than 0.05. The Hosmer-Lemeshow goodness-of-fit test and the area under the curve were used to assess the fit of the model. All analyses were carried out with the use of SAS software (version 9.1).
A total of 782,969 patients 18 years of age or older underwent major noncardiac surgery during the study period. Among this group, 119,334 (15 percent) had one or more documented potential contraindications to beta-blockade. Thus, 663,635 patients appeared to be eligible for perioperative treatment with beta-blockers. The median age was 62 years; slightly more than half were women, and two thirds were white (Table 1) . Hypertension, diabetes, and ischemic heart disease were the most common coexisting conditions. Fifty percent had an RCRI score of 0, and 38 percent had an RCRI score of 1.
In the secondary analysis, using the expanded definition of diabetes, we identified an additional 4 percent of the population as having this diagnosis; the additional patients classified as having diabetes shifted RCRI scores upward slightly. Orthopedic and abdominal operations accounted for 70 percent of procedures, 30 percent of the procedures were categorized as high risk, and just over half the admissions were elective. The median length of stay was five days. Overall, 13,454 eligible patients (2.0 percent) died during the hospitalization: 2839 of the 122,338 patients who received early treatment with beta-blockers (2.3 percent) and 10,615 of the 541,297 patients who did not receive betablockers or received them after the second hospital day (2.0 percent, P<0.001).
The majority of participating hospitals were in the South. Seventy-five percent had a capacity of 400 beds or less, 90 percent were nonteaching facilities, and 68 percent were in urban areas ( Table 2) .
use of beta-blockers among patients undergoing major noncardiac surgery
Of the 663,635 eligible patients, 122,338 (18 percent) received a beta-blocker on the first or second day of the hospitalization. Women were less likely than men to receive beta-blockers, and Hispanics, Asians, and other racial or ethnic groups were treated less frequently than whites and blacks (Table 1) . A history of ischemic heart disease, a higher RCRI score, and hypertension were the characteristics most strongly associated with beta-blocker treatment. Treatment rates ranged from 14 percent among patients with an RCRI score of 0 to 44 percent among those with a score of 4 or higher. Patients whose operations were scheduled electively had higher rates of beta-blocker use than those whose procedures were classified as urgent or emergency, and patients who underwent vascular surgery were more likely to receive beta-blockers than were those undergoing other types of procedures. Hospitals located in the Northeast that served urban populations, had a bed capacity of at least 200, and were designated teaching hospitals were more likely to deliver beta-blocker therapy than were other types of hospitals.
beta-blocker therapy and in-hospital mortality
Sixteen patients were excluded from multivariable modeling owing to missing data. We successfully matched 119,632 patients (98 percent) who received a beta-blocker in the early perioperative period with at least 1 patient who did not receive a beta-blocker or received it after the second hospital day (79 percent with two matches and 19 percent with one match) on the basis of the propensity score. In this propensity-matched cohort (Table 3) , 2790 of 119,632 patients treated with beta-blockers died, as compared with 5123 of 216,290 patients who did not receive such therapy or who received it after the second hospital day (2.3 percent vs. 2.4 percent; match-adjusted odds ratio, 0.99; 95 percent confidence interval, 0.95 to 1.04; P=0.68).
The preoperative RCRI score significantly modified the association between beta-blocker treatment and the risk of death in the hospital. Among the subgroup of patients included in the propensity analysis, early beta-blocker treatment was associated with a reduced risk of death among patients with scores of 3 or higher (Fig. 1) , with odds ratios ranging from 1.43 (95 percent confidence interval, 1.29 to 1.58) among patients in the lowest RCRI category to 0.57 (95 percent confidence interval, 0.42 to 0.76) among those with an RCRI score of 4 or higher.
Similar results were observed in the entire study cohort, except that a significant benefit of treatment was also observed among patients with an RCRI score of 2 (Fig. 1) . In a subgroup analysis of patients who had an RCRI score of 0 and hypertension, the odds ratio of death in the hospital was Furthermore, among patients with an RCRI score of 1, we found no reduction in the risk of death in the hospital related to beta-blocker use in any subpopulation. On the basis of these results, the number needed to treat to prevent a single death in the hospital was 33 among those at highest risk, whereas, in instances in which the risk was increased with beta-blocker use, the number needed to harm (i.e., the number of patients who would need to be treated for a single death in the hospital to occur) was 208 among the lowest-risk patients, who were least likely to receive treatment with beta-blockers (Table 4) . In a secondary analysis, using the expanded definition of diabetes, we observed generally similar results; however, the benefits of beta-blocker therapy were attenuated and were no longer significant for patients with an RCRI score of 2 (results are provided in the Supplementary Appendix, available with the full text of this article at www.nejm.org).
Although evidence from randomized trials remains limited, the treatment of surgical patients with betablockers has been championed by clinicians and policymakers for its potential to enhance patient safety. In this large observational study, the perioperative administration of beta-blockers was associated with clear and clinically significant reductions in mortality among the 2 percent of surgical patients at highest risk (those with an RCRI score of 3 or greater) and appeared to be beneficial in the 10 percent of patients with an RCRI score of 2, but was of no benefit -and was possibly harmfulamong patients in the lowest risk categories (those with an RCRI score of 0 or 1). Our observation that only a minority of patients at highest risk received beta-blockers underscores the Agency for Healthcare Research and Quality's statement that perioperative use of beta-blockade represents a clear opportunity for safety improvement. 17 Two randomized trials have shown that the use of beta-blockers decreases the risk of death among surgical patients. The Multicenter Study of Perioperative Ischemia Research Group 10 randomly assigned 200 male veterans with known coronary artery disease or two or more coronary risk factors to receive atenolol or placebo before undergoing major noncardiac surgery and reported that within several months after discharge, treated patients had a significant survival advantage. Poldermans et al. 11 randomly assigned 112 patients with abnormal stress echocardiograms to receive bisoprolol or placebo before and after vascular surgery and found a marked reduction in the risk of myocardial infarction and death during hospitalization and at 30 days postoperatively.
Two recently completed trials have, however, raised questions about the generalizability of the earlier studies. In the first, patients undergoing vascular surgery who were randomly assigned to receive metoprolol had rates of major cardiovascular complications or death from cardiac causes at 30 days that were similar to the rates among those who received placebo. 19 In the second, 921 patients with diabetes who were randomly assigned to receive metoprolol or placebo 20, 21 had similar rates of a composite end point of death from any cause or major cardiovascular complications after a median follow-up of 18 months. It is unclear whether the lack of benefit in these recent trials can be explained by differences in treatment protocols or by lower-than-expected rates of events, which would have reduced the statistical power of the studies to detect a moderate effect of treatment. By evaluating the effect of beta-blocker therapy in a diverse population undergoing a wide variety of surgical procedures at more than 300 hospitals throughout the United States, our results extend the findings from these earlier studies and provide support for the perioperative use of beta-blockers in high-risk patients, while we await the results of a large, ongoing, randomized trial. 22 Yet the lack of benefit of this approach in moderate-risk patients and the potential harm of this approach in the lowest-risk groups suggest that careful patient selection remains necessary.
Our study has some limitations. First, treatment with beta-blockers was not based on random assignment, and results may be confounded by other variables. Although we used rigorous statistical methods to adjust for baseline differences between patients, including propensity-score matching and stratification, the retrospective nature of the study meant that our ability to control for differences was limited to variables for which data were available. Furthermore, because we relied on claims data, the ascertainment of coexisting conditions and potential contraindications to beta-blocker treatment was dependent on physicians' documentation and hospitals' coding practices. Although previous studies have validated the use of administrative data for these purposes, 24,25 they also suggest that we may have underestimated the prevalence of some coexisting conditions. We noted that a substantially greater number of patients were classified as having diabetes when we added insulin use as a diag-* Analyses used the primary definition of diabetes. Results using the expanded definition of diabetes are provided in the Supplementary Appendix. The number needed to treat is the number of patients who would need to be treated to prevent one death; the number needed to harm is the number of patients who would need to be treated for one death to occur. CI denotes confidence interval. † The upper limit of the confidence interval is actually the number needed to harm. ‡ The lower limit of the confidence interval is actually the number needed to treat. nostic criterion in the absence of an ICD-9-CM code for diabetes. Insofar as we underestimated the prevalence of coexisting conditions, our effect estimates among lower-risk patients may be overly optimistic, whereas the percentage of the population that might actually benefit from beta-blockers could be larger than the 2 to 12 percent we forecast. An additional limitation was that our study was restricted to the period of hospitalization. We did not have access to information about the use of beta-blockers before admission or after discharge and were unable to report 30-day or 1-year mortality rates. Nevertheless, other trials of perioperative beta-blocker therapy have used protocols in which treatment was begun only hours before surgery and have generally relied on longer-term outcomes because they have been statistically underpowered to detect short-term differences. 10,19-21 Furthermore, we presumed that patients who were treated with a beta-blocker on the first or second hospital day were given the drug for prophylaxis; however, it is likely that some of these patients were actually given beta-blockers for the treatment of postoperative ischemia or infarction. Such misclassification was more likely among the lowest-risk patients, who were least likely to receive prophylaxis. To the extent that we misclassified patients in this way, our results would underestimate the effectiveness of beta-blocker therapy or would incorrectly suggest that beta-blockers were harmful.
Without access to patients' charts, we could not determine the effect of beta-blocker treatment on heart rates before, during, or after surgery. Finally, because administrative data are not a reliable source of information about postoperative cardiovascular complications, 26 we were unable to report the incidence of ischemia or infarction.
We found that perioperative administration of beta-blockers was associated with a reduced risk of death in the hospital among high-risk patients undergoing major noncardiac surgery. Thus, until the results of large randomized trials become available, ongoing national efforts to increase patient safety by increasing the perioperative use of beta-blockers among high-risk patients appear warranted.
